Ver.2 with corrected slides #14-16

Booster Collimation:
2-stage vs 1-stage

Valery Kapin

PIP General Meeting, Wed, 24 Aug, 2016



Activities & acknowlegments to
people involved

e 1) Booster Collimator Hardware & Control
(motion tests) and Beam Studies:
Charles Briegel, Salah Chaurize, Mike Coburn,
Vladimir Sidorov, Matt Slabaugh, Todd Sullivan,
Kent Triplett, Rick Tesarek

o 2) Support for Beam Dynamics Simulations:
Valeri Lebedev, Nikolal Mokhov, Yuri Alexahin,
Sergel Striganov, Igor Tropin

e 3) Support for task managments and planning:
Bill Pellico and Cheng-Yang Tan



Booster collimation activity and status
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History

»  2-stage coll. system for booster designed & installed in 2004. Optimal primary foils at 400 MeV:
0.003mm W by “STRUCT+MARS” (or ~ 0.015mm Cu). Instead 0.381 mm (thick!) Cu foil was installed

e  2-stage collimation is not used in operations (due to variable beam size and positions < ~2014)

Programming & Simulations

* New MADX+MARS bundle for booster: proton interactions with PrCol & outscattering from Sec. Colls
* Calculated Coll. Efficiency < 60% (low & ~1-stage); Opt. foil ~50um for Cu. => 400um Al - installed

* Tools for post-processing of beam orbits (B38), BLMs (B136 & “a’la B88”) have been developed

Beam study (in vertical plane)
* Objective : to understand if 2-stage coll. is better than existing 1-stage collimation

* Initial study of 2-st. collimation at low intensity: stable beam orbits (B38); BLMs are not timed relatively
to one another (~300us), strange plots for some BLMs; Beam near detection thresholds for FastLMs;

* Analysis of BLM data: 2-stage vert. collimation works (fraction of p scattered by PrColl then lost on
SecColL6A), but not optimized yet

»  Second study: vertical collimation under full intensity (14-turns) done on 29/Jun/2016. Presented here .

Hardware repair & support
Two broken BPM (upstream vert. in LO6 & upstream hor. In LO7) — were repaired before 2016 shutdown

e  Sec. collimators motion: maintaining plan for summer shutdown (by Matt) - to sample the oil the from
one of the collimator gearboxes & at least visually check the condition; to purchase a spare gearbox 3

 Some issues for BLMs data (B136) should be resolved (for future studies)



Objective : to understand if 2-stage collimation is
better than existing 1-stage collimation

Why such task exists:

There are plans to increase Booster intensity
PIP => 4.3E12 ppBc (15Hz) and further (~50%) to 6.5E12

Present PIP efficiency: 92% (for 4.3E12) drops to 90% (for 5.3E12),
and => <89% (for 6.5E12). Losses are increased with intensity |

To remain at our present activation levels Booster needs to operate
at around 95% efficiency (by “beam physics” improvements )

Improved collimation potentially may help to facilitate this task

Booster has installed a 2-stage collimation (2SC) consisting of 2
primary & 3 secondary colls. Only 1-stage (1SC) is used now .

Exp. capabilities of 1SC are known (small improvements possible)

Potentially well-designed 2SC can be better of 1SC . However, it
was never demonstrated for booster . (Due to non-optimal foils?)

Our task to compare 2SC and 1SC and understand if 2SC can be
useful for a booster intensity upgrade.



Design principles for 2SC in synchrotrons:
are they well established and proved ?

Classical 2-stage collimation (2SC) designed in 2004 for booster
synchrotron has been never applied for synchrotrons (var Energy & C.0O.)
by that time (SNS & JAERI were built later).

Design principles have been directly transferred from Tevatron 2SC
(collider with constant energy and stable beam orbits)

Booster 2SC has been implemented into already existing machine
installing collimators in available spaces between small-aperture magnets

2SC is effective within narrow region of synchrotron circle (e.g. injection)

There is no reliable & comprehensive simulations comparing 2SC with
single stage collimation (1SC) for booster . Automatically better ?

2SC systems at JAERI & SNS were designed for new machines (Disp=0)

JAERI (RCS) in similar way with STRUCT (later re-simulated with ORBIT).
Used in operations; but no comprehensive data published (why?).
Later additional collimators were installed at H-minus injection area.

SNS does not use installed 2SC (not needed due to large apertures).
published beam study results did not show positive effects from 2SC

RAL uses set of many thin and thick collimators (not a classical 2SC )

SNS,RCS,RAL use thicker prim-colls (tanks to larger apertures) => larger
rms scattering angles => larger impact params. => smaller out-scattering 5



2SC as an improvement of 1SC

Usual “1-stage” collimation produces uncontrolled out-scattered protons
=> “2-stage” scheme (icreasing impact parameter on sec.colls)

From Ivan Strasik (GSI) 2014 talks

* Primary collimator (thin foil) — scattering of the halo particles
« Secondary collimators (bulky blocks) — absorption of the scattered particles
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* Particles have small impact parameter on the primary collimator
» The impact parameter on the secondary collimator is enlarged due to scattering

Very robust concept and well established in many accelerators.

[Ref] M. Seidel, DESY Report, 94-103, (1994) 6
[Ref] T. Trenkler and J.B. Jeanneret, Particle Accelerators 50, 287 (1995)
[Ref] J.B. Jeanneret, Phys. Rev. ST Accel. Beams 1, 081001 (1998)



1SC efficiency depends on several params.

1SC depends on impact parameter & angular alignment of jaw

M. Seidel example: Out-scattering reduces to 0.4 within [+-0.05mrad]
M. Seidel The Proton Collimation System of HERA  DESY 94-103 June 1994 Dissertation

2.3, 3 Simulation Results

In this chapter we present simulations made with a single collimator jaw. Tracking simulations of the
complete system are prosented in chapter 3. The most obvious result is the strong dependence of the
absorption efficiency (and also the rms-deflection angfe) on the angular alipnment of the jaw {see also
[SEW2]), If the jaw is misaligned as depicted in Fig, 2,15 the effective collimator length 15 reduced.
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Simulations with MARS model for secondary collimators

Model created and supported by I|. Tropin & N.Mokhov; Interface with “STRUCT”
coordinate system (x,x’,y,y’,p); Model is centered on ref. orbit.
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1SC simulation: eff. vs X’ at diff. impact parameters

“1SC Eff.”=(N protons lost in collimator)/(N=10"4 parts in incident beam)

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

20160818_summary_halo_1000um

—o—p: loss_eff (halo=1000um)
e ——p: loss_eff (halo=300um)
~ . __C_,cx-x-rx"“m N —C—p: loss_eff (halo=100um)
A 1 |=—p: loss_eff (halo=10um)
&
) RARErEINY
o r( \)'Ov)_(
{ \
ni ot \
A 1 \
et /
J \
Poutl ! pot
Ry ), k \Xﬁ@_ N
- -l 2 e e -
-30 -20 -10 0 10 x', [mrad] 30 4o



Imaginary goal-values for 2SC

Assuming that 2SC Halo [um] | 1SC Ineff | 2SC Ineff 2SC Eff
can reduce 10 45 % 45*0.5 ~23 % | (1-0.22)=77 %
(collimator related) 100 38 % 38*0.5 =19 % | (1-0.19)=81 %
losses
300 32 % 32*0.5 =16 % 1-0.16)=84 %
of 1SC by 50 %: ° 6| (1-0.16)=84 %
1000 17 % 1705~ 9% | (1-0.09)=91 %
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Ways for “halo” evaluations

1) Numerical simulations (e.g. Synergya code) can help to evaluate minimum values
of beam halo. It is more adequte for rings with constant parameters.
(A. Macridin & V. Lebedev did some evaluations. Details are not published)

Actual “Halo-growth rates” in synchrotrons (with var. params) should be higher due
to many real effects (variations of orbit, energy, misalighnments, mismatching etc.)

2) Indirect experimental evaluations (feasible ?) using the dependence Eff=(x")
It suggests Efficiency drop (say 20 %) within: a) 1.5mrad, if halo ~10um,;
b) 4mrad, if halo ~100um; c¢) 10mrad, if halo ~300um; d) none, if halo > 1mm

Aperture Restrictions, e.g. Long 6 collimators:

Distance between COL1 front and COL2 back L=4m

Max beam core sizes (~5sigma) = 19mm/32mm (H/V); Collimator a=38mm
Max angle x'=2*(38-19)/4 < 9 mrad; y'=2*(38-32)/4<3mrad,

May be possible to evaluate for hor. plane x’, if the halo rate within or > 100um ?

Todd: regular change of x’ with dX(BPM)=+-2mm =>4mm/5m <lmrad 12



Simulation of 2SC in vert. plane

My conventions for Boo 2SC setup (1.*=hor; 2.*=ver)
 Mode 2.1) “2004-design” COL {Vp,1,2,3}={-;"0";-;+}, where

“+/-"=top/bottom, O - garage

6A if V-prim on bottom beam edge (mode2.1), then:
a?jonly COL3(L7) has mu>90deg, It must come from opposite (top)
beam edge;

preferable (large delta-gap) and free COL1 for Mode=1.*. Then, COL2

D Vpr L6B b) both COL1&COL2 can be used for mu<90deg, but larger mu-

(as 2004 design)

should be set on the side of V-prim (bottom )
1c) if “b"=0K, then COL1 should be in garage (or at least not on the

bottom). It may be set at top with a large gap from beam edge to avoid
direct beam interception (as for 1-stage scheme)

One MARS model for 3 identical sec-colls.
Model is centered on ref. orbit.

Transverse shifts simulated via shift of input and
output particle coordinates

Steps:

a) MADX multi-turn tracking with usual losses on apertures ;

b) protons lost on collimators collected at collimator fronts;

c) that protons are re-tracked throughout sec-colls with MARS;

d) Out-scattered protons are collected at sec-coll ends are tracked
again by MADX
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Efficiency definitions: a) “Eff. of lost” = (N lost on colls) / (N total lost on the ring);
b) “Eff. of inj” = (N lost on colls) / (N injected on foil = 1E4)
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Efficiency definitions: a) “Eff. of lost” = (N lost on colls) / (N total lost on the ring);
b) “Eff. of inj” = (N lost on colls) / (N injected on foil = 1E4)
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Eff. vs Energy for new 380um Al (~50um Cu)
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Efficiency definitions: a) “Eff. of lost” = (N lost on colls) / (N total lost on the ring);
b) “Eff. of inj” = (N lost on colls) / (N injected on foil = 1E4)

Def. a): eff. slightly increased with Wkin
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29-Jun-2016 Beam study: Vert 2SC

Short 5 Long 6 Short 6 Long 7
o 6A
Bobrmy Vel Colbmator Collinator beam
D Vpr L6B .
(as 2004 design)
Actual Study Steps & time intervals
1-2 |b |Record BLMs, BPMs Coll-pos |8 |g |[Move Col3-L7 toward to beam (DN)
to touch beam core
3a |c [Move Coll-L6A vert. garage 9 |g |Adjust Col3-L7 to beam core &
move away (UP) ~2mm
3b |c |Move Col3-L7 vert. garage 9A |g |Adjust Col3-L7 again
4 |d |Record BLMs & BPMs 9A |g |Record BLMs & BPMs
5 |e [Move Vprim to touch beam core [9B |g |Move Col3-L7 (UP) from beam core
from bottom ~2mm
6 |f |Move Col2-L6B away from 10 |h [Play with Vprim position
beam (DN)
7 | |Adjust Col2-L6B to beam core |11 || |Return all Colls to 1SC: Col1-L6A;
& move away (DN) ~2mm Col3-L7; Col2-L6B; Vprim
(7) |g |Record BLMs & BPMs 12 |i |Record BLMs & BPMs
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Time intervals & (corrected) plan steps
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ACNET applications used & post-proc .code

B:BEFF17

Beam transmission efficiency control

B38 Beam orbhits

save data => postproc. code: X & X’ at collimators

D43 save-list

BLM data recorder for off-line usage via D44

FLM signals

on-line for Collimator tuning; off-line via D44

B88 “frac.trip point”

Data export does not work => only “PrintScreen”

A’la “B88”

Exe for reading BLM data to reproduce B88 plots

B136 BLMs signal
within Boo-cycle

Save data => postproc. Code: check bad signals;
averaging over cycle => compare with B88-plots

D44

Off-line plotting of recorded parameters
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B38 post-processing: Vert-BPM in SO5; LO6; LO7

Plot 0626 mean & rms from several measurements
I I

T T T
o {crigirral-meas-dats wio any smccthing-)-- R SRR AL IR

flle {062 VST05S dat>

‘mean & rms for all steps
(Zfiles b.¢ 6steps)

VSTO5S -vert. BPM in S05 ncar Vprim

. data;set:ﬂset;z01.60629._12>..ﬁ. R e . fullacc.cycle ...
i i i i i i i i i

16000 18000

2000 4000 6000 8000 10000

turn number

12000 14000 20000

Plot 066a mean & rms from several measurements
T

L) L L
(ungmal meas- datﬂ wio any smumhmg)

flle <066 VSTU?L dat>

'VSTUTL - vert BPM upsteam of LO7

data_set=<set_20160629 12> fulacc.cycle .
L L i i L L i i L

16000 18000

2000 4000 6000 8000 10000

turn number

12000 14000 20000

20 Plot 06-%1lI

_20 i i i i i I I i i

Measurements' &

mean

STUGL - broken)

rms from several meagturements

L] L]
; ; (orlglrral meas- dats wio -any: smcntnmg)

VSTO06 - vert BPM downstream of L06

- data_set=<set 20160629 12> .. ... . . ... . qu acec. cycle. T .

2000 4000 6000 8000 10000

turn number

12000 14000 16000 18000 20000

Plot 067a mean & rms from several measurements
T T — 1 -1 1 T

L L L
: : - {original meas-data wio any SMoothing) i

V' T07L

Vert BPM downstream of L07

- data_set=<set 20160629.12> \ .. .. ‘.. ... full acc. cycle. A 4
i i i i i i I i i
16000 18000

2000 4000 6000 8000 10000

turn number

12000 14000 20000

Beam orbit are stable during all steps of study !



B38 post-processing: orbits at Vert-collimators

Ver. coord, y [m] at VerPrimCol (2-stages)
0.03 ¢

T T T
; x0
sigma

0.02 x0+3*sigma

bottom

0.01

x0-3*sigma |

mp—_

-0.01

used Vprlm edge (after 300 turns)

20000

_002 . —
data_set=<set_ aIIG _compare> i i
_003 i L i i
4000 8000 12000 16000
turn number
Wer. coord, y[m] at SCL6BFront (1-stages)
0.03 T T T T
: : x0
sigma
0.02 -
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- : bottom
0.01 | ) [Op me—

1“

-0.01

002 | edge Of Col2-L.6B used for ZSC

data_set=<set_all6_compare>
-0.03 i i I I

4000 8000 12000 16000
turn number

20000

Wer. coord, y [m] at SCL6AFront (1-stages)

edge of Col1-L6A used for 1SC s.gma

an =1
x0- 3*S|gma
bottom

mp —

data_set=<set_all6_compare> : :
i i i i

0.03
4000 8000 12000 16000 20000
turn number
Ver. coord, y [m] at SCL7Front (1-stages)
0.03 T T T T .
i X
edge of Col3-L7 used for 2SC .0
0.02 IF : 5 T e—
: : x0-3*sigma
: : bottom
N . S —ae
data_set:<set_éallﬁ_compare> i i
003 i L i i
4000 8000 12000 16000 20000

turn number

Specially arranged bumps of 3-sigma envelops (by Todd) 21



D43 save-list: BLM data recorded

B:BLMS05 B:BLMO61 B:BLMO062 B:BLMO71 B:BLMO072
v Voo

B:HORPC

B:BLMO051 .
2 Y BBLMos2 B:BLMLO6 B:BLM 06 B:BLMLO7
D43 Circular Datalogger Device List Control {(BClk > #Pgm_Toolse
*Event ¢ ®Event ¢ *Event ¢ ¢Event ¢ *Event ¢
ven *Event ¢ *Event ¢ *Event ¢ *Event ¢ *Event ¢
*Event + +Event ¢ *Event + +Event ¢ *Event + +Event ¢
+Sorte +Show Fetch Infoe #Display Full Device Name 4 +Statse +Find_Change#
List Ewvent has a capacity of 2000000 buckets Node [BClk 1
Menu [DCE15 1
1F+0 sec 1F+0 sec 1F+0 sec 1F+0 sec +0 sec
B:BLMLOL1 B:BLMLOZ2 B:BLMLO3 B:BLMLO4
[B:BLNLO7 B:BLMLOS B:BLMLO9 B:BLML10
B:BLML11 L B:BLML12 B:BLML14 B:BLML15
B:BLML16 B:BLML17 B:BLML18 B:BLML19 B:BLMLZ2¢
B:BLML21 B:BLMLZ22 B:BLML23 B:BLML24 B:BLMSG8
B:BLMO21 B B :BLM023 B:BLMO24 B:BLM0O25
B:BLMOZ26 B:BLM121 B:BLM122 B:BLM123 B:BLM124
B:BLM125 B:BLM126 B:BLMS12 B:BLMOb1
B : CHGBBHM B :BLMOS2
B:RADLO4 B:MPO2E B:BLMO61
B:BLMSO3 B:BLMOG2
B:MPO2 B:MPO2I B:BELOST B:BLMO71
#lrite_List_to_File# +Inserte #Reinitialize_Lumber jacke
Restart: Tue Jun 14 14:17:22 Since: Sat Mar 5 02:01:33
Find #Devicese< >
in ¢Lumber jack+<{All > Show #Active Devices® Property #All +*
Messages
22




Booster losses: FLM for full booster cycle

Rick’'s FLMs

(Fast Loss
Monitors) provide
new opportunities
for high resolution
(ns) loss monitoring

magnet 5-3

collimator 7 |EW

Injection (100us)

G-1

RF Capture (variable) G-2

Notching (500us)
Feedback (500us)

G-3
G-3

home | data | configure | status | control | applications | help

Home: TDS 3054B dOoltek2 (10.10.10.1)
TekStep | e
] : : = : : Acquisition
1 : : Mode
AL
................................................ Sample

‘Chil 20.0mve
:Ch3 20.0mMV 20.0mve:-

Transition

N

Ch2 20, Um'v'ﬂ ‘M4.00ms” A Ext B Eﬂﬂm'v'

(8ms) G-4

I +v 17. 384Um5 |

3

Peak Detect

i (<« 250MS/s)

!

Envelope
312

.

Average
128

\ Extraction

Mode
Sample

Hﬂrizontal Reset
Resolutionl Horizontall Autoset | Wavealert
Normal Delay

0kS/s

23

(3 turns) G-5

Acqumtmns 1
Sample Rate:
25



Ty

D44:

BOOEFI
TURN17

CHG1
CHG2

TURN17

=14

D44:

BEFF17

VT53G1
ALGAGI

&
Coll.

positions

E:CHG1
«BC1lE

EB:CHGE
«EBClE

. Backup

. Backup

E:SSPCY
- COF

. Backup

. Backup

. Backup

E: S5FCY

. Backup

- Backup

« Backup

. Backup

El2

Elg

E: BOOEFF

%

G:TURM1Z

step

E:¥T33G1

HZ

B:BEFF17

%

B:ALEAGL

HZ

step

E:EBCOL1Y

Mils

E:ERCOLEY

Mils

EB:BCOL3Y

Mils

a8
15

o
@ o

L Y-N-

J8aa
188

188

Thu 14-JUL-2816 18:18:47

E:EODEFF

G:TURM1Z

- i

4 g i 0 i
14:808:088 l4:4@:088 15:20: 88 16:008: 88 le:4@: 88 17:28: 00
T1 = We 29-JUN-Z016 14:90:08 T& = We 23-JUN-Z016 13:@@:00

B:BCOL3Y
T
BiBCOLLY ||
B:SFCY
|-
B:BEFF17
B1SSPCY
L1 Al
14:88:80 14:48:08 15:20:68

T1

= We 29-JUM-201& 14:00:00

le:@8: 88
T2

Fri 28-JUL-2816 11:86:43

E:pLenGl

= We 29-JUM-201¢ 12:0@:040

-1088

1e@

-SEAE
-cE8

-386

-1z00!

1g:88:00

a

ErvWTS361
. Backup HZ

BiALEAGL
«Backup HZ

EiALEEGL
. Backup HZ

BrAL7AGL
. Eackup HZ

E:SSPCY
«Backup step

E:BCOL1Y
.Backup Mils

E:BCOLEY
.Backup Mils

E:BCOL3Y
«BackupMils

E: BCOLEY
. CDF Mils

BraL7AG1
. Backup HZ

E:EBCOLZY
- COF Mils

EiALSEGL
+Backup HZ

EiSSPCY
. Backup step

B:ECOL1Y
. Backup Mils

E:ERCOLEY
«Backup Mils

Ei BCOL3Y
. EBackup Mils

28
18

=]
—288

288

588
28

688
128
2aa

58

Thuy 21-JUL-201¢ 12:57: 861068
SE

)

EiBCOL3Y

1aa

===

B:pooLly ||

B! SSPCY

coLzy U

.
|

t
i
|

-2E60
-13278

-1288

BraL7acL
BiALEEGL
BraLenct
BiVTS3G1
I fh e W . |-4ses
14108108 14:40:88  15:20:@0 16:0B:00  16i4B:08  17:CA:0B  L5:00:00
Ti = We 25-JUN-2816 14:00: 66 T2 = e 29-JUN-2816 18:00: 06

Fri 28-JUL-2@81e 11:208:12-10606
15}

r=lEl

E:ECOLZY

lee

L]

ErECOLLY ||
BiSSRCY

i
I

E:ERCOLEY

EL:1:1:]
| -1278

266
-1208

E:ECOLZY

-1z008
-2e88

-2308

-17B86
-2798

T1 =

We 29-JUM-201& 14:00:00

—48
-390

-218686

-3308

-248

E:ALEBG ] -43686
le:48:88 17:28:08 18:88:00
We 29-JUM-201¢ 12:0@:040

le:@8: 88
T2 =

nical screens for tunings with FLMs (2-6pm)

D44:
VT53G1

AL6AG1
AL6BG1

AL7AG1

&
Coll.
positions

D44:

AL7AG1
AL6BG1

&
Coll.
positions

24



D44:

BEFF17
VT53G1
ALBAG1
&

Coll.
positions

BLMs
In D43
list:
LO5,
051,
S05
052,
061
062
063
LO6

3

>

E:SOFPCY

LCDF  step

E:WTS2G1
« Backup HEZ

E:BEFF1?
.Backup %

EiALEAGL
. Backup HZ

EB:SSPCY
«Backup step

E:ECOL1Y
. Backup Mils

E:BCOLEY
. Backup Mils

E:BCOLEY
. Backup Mils

Bi BLMLES
. EBackup R/§

ErELMAS1
. EBackup R/8

Bi BLMSES
. Backup R/§

ErELMAS2
. Backup R/S

EiELMBEL
JBackup R/S

BiBLMBEE
. Eackup R/S

E:ELMBEZ
«Backup B3

Bi ELHLES
. Eackup R/§

Tuning Vprim: “e”-

3888
168
36
.3

18688
128

N

-.857
-.H22
-1.25

-.577
-.832
-1.75

EB:EBCOL1Y

Fri 28-JUL-281& 14:46:04-1000
15}

=1:)

E:ECOLZY

lee

B SSPCY

E:ECOLEY

-S008
-EE8

E:REFF17

| 1| 8

s e

-2e88
-1378

-12088

-1zE686
-Zes8

-236E6

E:ESSPCY

[T

EIALERG]
N

E:WTS3G1
Jamiigannnl

15: 0@ 08
T =

15:87: 28 15:15:88

We 29-JUN-ZB16 135:90:88

15:22: 38
T2 =

15:208: 88 15:27: 28 15:45: 80
We 23-JUM-ZB16 13:435:0@

Wed E8-JUL-2016 17:091:06, 25
£

i 0ol A

e e A TN+

T A A
e I b I

urrP"

13

41l

2

.

-. 15
-2

LB1
.1

-.25

- .84

15:@@: 88

T1

15:@7: 38
= We £9-JUH-EB1&6 135:@8:88

15:15:@8

al
15:30:88 15:37:328 15:45: 88
We E3-JUH-281& 15:45:08

15:22:38
TE =

In

terval (15:00-15:45)

1688 Fri 22-JUL-2816 14:33:30-1660
166 E:BCOLLY Sa
1888 L)
1 ErECOLZY 188
E:EBCOLEY
LCDF Mils j| missrcy
—
BiECOLEY
288 -soE0
E:aL7AGL L -c5a
« Backup HEZ [=151) 1=1s)
.8 RELL]
BiBCOLEY
LCDF Mils BrRCOL2Y
588 sa8a
58 -1378
268 kR
BiALEEGL .5 -1288
. Backup HZ
E:BCOL3Y
E:SSPCY 48 -1z@6E
«Backup step 48 -zaga
-288 168
.4 REELL:}
E:EBCOLLY
~Backup Mils
268 -17@0E
25 I 2798
BiBCOLEY -688 -4
.Backup Mils .2 ‘ REELL]
| "
[ -z 1@mE
E:BCOLEY g | EraL7act 3568
LBackup Mils  -18088 . ~2ia
& | BiaLsmaL Coae
15:@0:80  15:07:30  15:15:88 15:22:38  15:38:08 15:37:38 15:45:08
T1 = We gs-JUN-2B16 15:80:08 Té = We 23-JUN-Z2B16 15:45:i08
18 Wed 28-JUL-2816 16:25:28,25
.4 .3
1.5 . @5
2 .2
E:ELNSES
.Backup R<5
-18 .15
E:ELME71 [ .2
«Backup BE-5 3 .84
1 .15
P
B: IRME7Z
.Backup R/%
-39 .as
-4 | 1
-.5 L@z
E:ELNLA? g .12
.Backup R<5
E:ELMLES -se | 44 .85
«Backup E-5 -.8 3.E-2
-1.5 N:E
-1 R:E
E:ELMLES
.Backup Rs5
-78 -. 15
-1.2 .1
E:iELNML1E -2.5 a1
.Backup R-§ -2 a4
-9 -. 25
E:BLML11 -1.8 .2
.Backup Ro3 -3.5 o
-3 o
15:@0:80  15:07:30  15:15:88 15:22:38  15:38:08  15:37:38 15:45:08
T1 = We gs-JUN-2B16 15:80:08 Té = We 23-JUN-Z2B16 15:45:i08

D44:

AL7AG1
AL6BG1

&
Coll.
positions

BLMs
In D43
list:
S06,
071,
072,
LO7
LO8
LO9
L10



Tuning Col2-L6B: “f’-interval (15:45-15:55)

S8Ee Fri 22-JUL-2@16 15:27:13-1pa0 1268 Fri 22-JUL-2@16 15:38:37-1060
2pE B:BCOLLY 5@ 58 E:BCOLLY 56
D44' 120 L 1868 L
. 1 | B: BCOL3Y i Lee 1 BiBCOL3Y i Lee
BrsSPOv — " BrECOLEY - " .
LCDF  step B:SSPCY I EiBCOLEY LCDF Mils BiSSPCY I Bi1BCOLEY
s — .
3080 / -sema z08 _L_ / -sema
BryTSaG1 160 -cca BraL7AGL 48 -cca
BEFF17 . Backup HZ 35 sce . Backup HZ co8 sce
-8 E:BEFF17 BELE] .8 =
- b P — AL7AG1
V 536 1 EtBEFF17 BrBCOLSY , - )
L Backup % LCDF  Mils b
1888 REEEE) — REEEE)
- | AL6BG1
22 2c8 2c8
EIALEAGL g 1988 || BrALcEGL 1908
. Backup HZ . Backup HZ
& B:ECOL3EY
Braspov ~1e08 -1ze00 || B:asPov 488 12800
«Backup step 28 -zaga «Backup step 28 -zaga
O . 43 158 ~288 166
.4 -zoma 4 -zoma
141 Q@E:ECOLLY I BrECOLLY COII_
pOSI Ion‘_’.BackupMils T . Backup Mils
: 55ROV .y
-3808 Bl 1561 17800 208 . : 17800 OS t OnS
ag || ) LIy 2730 18 BiAL7AGL 2730 I I
B:ECOLEY 24 -4 B BOOLEY -5E8 4@
L Backup Mils .2 “zzaa || .Backup Mils .2 REEET
| , [{] h - 1 | H
-5e8 21800 [ 21800
BiBOOL3Y B -zs@e || BrECOLEY ) -z5ma
«Backup Mils a -24@ JBackup Mils -1888 240
g BiALEAGL 4588 g 45688
15:45:08  15:46:48 15148128  15:50: 08 15:5l:48  15:53:28  15:55:08 15:45:08  15:46:48  15:42:28  15:50:00  15:5l:48  15:53:28  15:55:08
T1 = We 23-JUN-Z81E 1S5:45:088 T2 = We E9-JUN-Z816 15:55:08 T1 = We 23-JUN-Z81E 1S5:45:088 T2 = We E9-JUN-Z816 15:55:08 BLMS
BLMS Wed ZA-JUL-2@16 17=Bl=86.625 18 Wed 26-JUL-2@1¢ 1£:25:28,25 In D43
= .4 .3
. 1.5 .85
n -4 2 2
E:BLHLES

_ W OO0 ot 0 L O list:
list: S T S O N O + | S06

B:ELMASL TR i ol 0o L L Lt L L
«Backup BE-5 3 .84

L05, «Backup B3 Eg i : e 071
e 1001 o Lt 0 0 1 L o ,
051, I TN Y OTIVI  ve

-.817 - 0 ? 2
38 .as
-.e82 =4 Liem i 1
-.E5 -.5 k]
B1ELM@SE -6.E-3

. E:ELNLA? g .12
.Backup R<S | ‘ |”|| .Backup R/S
052 L 1 o
1)
BiELMAST -.837 .85 E:ELMLES -5 .85
.Backup R/S  -.B12 At Lyl m I by 1ol L Backup Bo5 -5 [ 3.E-3
061
| 2 3 = [ LO9
E:ELNAEE || H|” I E:ELMLBS
. Backup R-% I PP e .Backup Rs5
-.857 .15 -7 -. 15 Llo
-.822 -2 -1.8 -1
B ELM@&3 -1.25 .61 E:iELNML1E -2.5 a1
«Backup -5 -4 .1 «Backup RsS -2 B84 Lll
LO6

-.25 -3 -. 25 26
E:ELMLEE -.838 - B:ELML11 -1.6 -. 2
.Backup RS -1.75 —. 84 «EBackup R-35 -3.3 E
-.E al -3 @&l
15:@@: 88 15:@7: 38 15:15:@8 15:22:38 15:30:88 15:37:328 15:45: 88 15:0808: 08 15:87: 28 15:15:88 15:22:28 15:208: 88 15:27: 28 15:45: 80

T1 = We 23-JUHN-2016 15:@@:88 TE = We E3-JUH-281& 15:45:88 T1 = We 23-JUN-Z2816 15:88:08 T& = We 23-JUN-Z816 15:45:00




Tuning Col3-L7A: “g’-interval (15:55-16:35)

D44:

BEFF17
VT53G1
ALBAG1
&

Coll.
positions

BLMs
In D43
list:
LO5,
051,
S05
052,
061
062
063
LO6

S8Ee Fri 22-JUL-2@16 17:17:58-1pa0
2pE 5@
128 EiBCOLLY 5e
BrSSPOV tl Bisseey - e
.Backup step BiBCOLEY N
T —— R R——
ELCE BiBCOLIY R:LEL
BrvTSaG1 168 | | . ] _cea
. Backup HZ 35 ) sco
s ] E:BEFF17 R
Lbe ' . . . N
B:EBEFF17 I
CBackup X
1808 REGELS
120 || I 1278
72 Bt
BiALEAGL L& 1388
. Backup HZ
BrsSPOv -1888 13008
. Backup step o8 i REEES
a3 1e@
a -z3m0
WE:ECOL1Y h
. Backup Mils 1
E:SSPCY
-3808 17808
e 2730
BrERCOLEY 24 2
«BackupMils .2 -2366
-Seen 21800
RS § [iEsurazct e
’ i & [MIINIWINN e el e 1 ans
15155108 1611148 16108128 16:15:@0  1eiZli48 16:g8iE@  15:35:08
T1 = We 29-JUN-2815 15:55:08 T2 = We 23-JUN-Z81E 15:35:08

823 Wed E8-JUL-2816 17:82:51.25
13

818
.75 3
.4 .3
E:ELMLES
-Backup 7S IJHHJlMMlMI.HdI..IlUIM\MUJlJIllLJlllI.IJ\IthlllJuJLIJ||LuUIIJJJJI,u|JJ.|JIluUthlL|JIIJ..||iI\.nlIJl.LIlJI.thIJJUJlL.LIluJJLLuhI L L
. BB3 ' .15
B BLMOSL - (NN e e R AT+
.Backup R-§ as 18
-2 .4
£t BLMSaS 0 000 0 00 T 0 0 0 A 0 L L LA 0 WL L
U RPN 0 NP ey v
-.817 .5
-.BB2 |
-.23 .11
E:ELM@52 -£.E-5 ]
. Backup RsS
100 0 00 o 0 T ol L 0 ol 0 ol 0
E:ELMBS1 -.837 .85
«Backup R/8 =« 812 Tt i T A IR T e O O T A AT MR =
-.75 .88
I .2
E:ELMEEE
.Backup R<5
-.B57 --15
-.|22 =
E:ELMBES -1.25 @1
«Backup R3S -.4 .1
Dol ol e e e e [F T TR e eI
-.B77 -
B BLMLBG -. 938 ~¢
_Backup Rs%  -1.75 - B4
= o
15:55:@8 16:01:48 16:@8:2@ 16:15:08 16i£l:i4@ 16:i28i2@ 16:35:08

T1 = We 29-JUM-201& 15:55:04@ T2 = We 29-JUM-201¢& 1&:35:04

B:ELMSEE
.Backup RS

EiELME71
. Backup R-8

B IRMB72
. Backup B8

B:ELMLE?
.Backup RsS

E: ELMLES
. Backup R-§

EfELMLES
. Backup R-S

E:ELML1G
«Backup B-5

ErELML11
. Backup R-§

1688 Fri 22-JUL-2@816 17:24:34-1600
208 58
1688 X 758
1 | pissFoy "\ “ | BrECOLLY 168
B BCOLEY BiBCOLEY ~ 1
.Backup Mils ! ||
= i— —
E:BCOLEY
288 -soE0
E:aL7AGL 166 -c5a
« Backup HEZ [=151) 1=1s)
.8 RELL]
BiBCOLEY |
CBackup Mils "
cgg | FPECOLEY I
128 -1378
268 kR
BiALEEGL .5 -1288
. Backup HZ
E:ECOLEY
E:SSPCY 48 |H | -1z@6E
«Backup step 28 1L | | -zaga
-288 168
.4 REELL:}
E:EBCOLLY
~Backup Mils
268 -17@0E
48 -2738
BiBCOLEY -588 _ -4
LBackup Mils .2 | BiALZAG1 30088
| Lol
[ -z1@mE
E:BCOLEY B -3568
.Backup Mils -1888 . -z24@
g s e e |- 4388
15:55:88 16:01:40  16: 0828 1€121:4B  16:281E@  16:35:88
T1 = We gs-JUN-2B16 15:35:08 We E9-JUN-2@B16 16:35:a08
18 Wed E8-JUL-2816 16:38:13,25
.4 .3
.5
2

T@ o

13:55:88 le:81:48
T1 = We 29-JUM-201& 15:55:04@

le:@3:28

lg:2l:48 lg:i2s:ee

1g:35:08
We 29-JUM-201& 1&:35:00

D44:

AL7AG1
AL6BG1

&
Coll.
positions

BLMs
In D43
list:
S06,
071,
072,
LO7
LO8
LO9
L10

L11
27



Fraction of Trip Peint

.75

.25

Plot “Frac. trip point” B88

B33 E)at_a export EIoes not work => a'la “B88”: for numerical comparisons  of
only “PrintScreen” (snapshots) loss-patterns | wrote code for linux. It reads
Data of B136 recommended by Kent g \ data to reproduce B88 plots (~1.5min)

q - Prpulse BLM bar-plot (as B88 data file name = bim_sum_ev10_20160629_133123.dat;
l'lnln " nghr* ) PAABHLZ S o™ seesnie e 15 plot( ) start date time = Wed Jun 29 13:31:23 2016
1.EE+16 prhr "7 | start: 06/29/2016 1331 .(ZBS.EC) C00 0 OLI=BBLOLLOAtl-l | [ 121=BRL12I0al12-1 . 0BL=BBLOBLD al front COLL(LGA);
ST [ i1l o2t=BBLOZI0A 21, | . | . | 122=BiBL1220 alS1Z oulside; . | 062<B:BLO620 al front COL2(LER);
end: 06/29/2016 1333 (44sec) oo . 023=BBL0230 at DS Pants MP02; : 125=12B:BLL250 at Nich Absorb; : 07LB:BLO7LO at front:COL3(LT)
[ R ©0 00 024=BBLO280a12-4. | 126=BBL1260 at DS Nich Absorb]  0722B:BLO720 &t end COL3(LT)
| 025-EBL0250 at USDOG3; | | | 051=BBLO5L0 alHorimCol; | | | BCLEILMECL at'836 coll sysl (absent)
| 026=BBLOZB0 at MPD2; | 052=RBBLO520 atVerPimCol .  BC3=FLMBC3 at 836 coll sysL (absent)
1k A - : EES S R S U SO S S . T L S SN SO SO S SO SO i
05 | R IR AN T UL O U O O O O SO S S O SO SO S Lo IR il

DI e R R R R T R T T T e - B I N S RS
PSR - R << e e e WM oW MWDo of oM oa R ow oD
J 333333330 i I K - I I - - - -

. Maximum values:- 145 at 567
Normalized EBooster ELMs 57 a1 st
14 2




Data used to create “a’

a B88” tripping plots

blm_sum_ev10_20160629_all

2000
[TTTTTTTTT ]

‘ Il max_alarm_R/S !

X ., (BLM) =15516 R/S

Absolute

Alarm (trip)

1000

values

500

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Lo e
[{s]
5]

—
S8
w

—_— e

PPPPPPPPPPPPPPP N o~ o~ o~ o~ = OO OO OV OO ON O LD WOy O (O P P
JRN ' U ' QO N 7 IV I ¢ U ¢ QU v QI 7 Qi N /) B N V) Qe ) R N Vs R o) R ) ) il ) J e o T e T oo lol ool iyl e lel ol e Yo Yol

Dlstrlbutlons [Zi—l_"m (BLM)z_ =711 R/SW blm_sum_ev10_20160629_all (2_:

for abS()lUte ‘ Hl 20 _13:31_abs_R/S |

& H
w
=
|l
=]
o
1
3

|
|
|Da01

and normalized

150

(fractions of trip)

values looks

very different 100 H

:
Sum of all i
50
(or part)
Available ! ﬂh Ji
o - Lon HHL .
L R Rl =t ittt i ebrhwtzpet -tab dut ut-pt b at ta

T e T T

— O
[ Fe'Eel]
Sudn s

S23 ==

L2
520

0.1

0.05

29



.. -1m __
) 2 o T ©
= vl o3 o3 L0 Q
®, b RS | wou v 2L 6 N 4 AN < O ™
D MRS I SRR = N~ - — 0O 0O
3 T 0O N O< o
S| z ; - wiou ge:9L GLB () < | < O©
- H | EEE (W T H H
= e : . .
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Comparison with initial “g12 vs bl”

BLM bar.p|0-t (as BBB) data file name = blm_sum_ev10_20160629_162928 dat;
15 start date time = Wed Jun 29 16:29:28 2016
: étart' 06J2§/2016 1629 .(2838(:) . . 011=B/BLO110 at 1-1: | 121=BBLIZI0 Al 12-1; | 061=B:BLOG1O at front GALL(LEA);
H : T HE BL0210 at 2-1; i 122=B:BLL220 at SL2 oltside: 062=B:8L0620 at front COL2(LEB);
: BL0230 at DS:Pants MP02; © 125=12B:BLL250 at Ntch Ansorb; :ELO7LO at front: COL3(LT i SEHIE prpulse
end: 06/29/2016 1631 (50sec) at DS Pants at Ntehi Absorb; at front (L7) Lim. pshri 3.1E+16 e wesEacie 1656
: : I /BLO240 at 2-4; | 126=B/BLL260 at DS Nich Absor; :BLO720 at end COL3(LT) Event 17 £9%
BL0250 at USDOG3 051=B:BLOSLO at HorPrimCol; [LMECL. at 836 coll sysL (absent) 1.7E+16 prhr
BLO260 at MPD2; | 052=BBLOS20 at VerPrmCol; LMBC3 at 836 coll 5yl (absent) 1,85
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BLM bar.p|0t (as BBB) data file name = blm_sum_ev10_20160629_142658.dat;
125 start date time = Wed Jun 29 14:26:58 2016
| start: 06/29/2016 1426 (58s€c) 011=B:BL0110:at 1-L; 121=BBL1210 at 12-1; 061=B:BLOGL0 at front COLL(LGA):
. 02L=B:8L0210%at 2-1; 122=B:801220 at $12 outside; 062=B:8L0620 at front COLZ(LGB);
end: 06/29/2016: 1429 (19sec) : : | 023=BBL0230/at DS PantsMPOZ; | 125=12B:BL1250 ai Nich Absorb; | | 071=B:BLOTLO at front COL3(LT)
024=BBLO240 a12-4: 126=B:8L1260 at DS Nich Absorb. - 072=B:BLOT20 at end COL3(L7)
028=8:8L0250at US DOG3 L0510 &t HorPrimcol | 8CLEHMECY at'83b coll sys. (absent); o 2 1Esl: prpulze
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B136 BLMs signal within

Save data => postproc. Code: check bad curves
(see last presentation);
averaging over cycle => compare with “B88:-plots
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GxSB: Snapshot Plot
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) BLM values
hithin bogster cydle

a .81 a2 .83 .94

Seconds  Trig = Event 15 engineering units
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Results
From B136
Averaging
And “B88”
plots
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Conclusion

Simulations: 2SC have ~ the same efficiency (max ~60%)
as 1SC at halo 10um (55%)

1SC may have even larger actual efficiency (if halo higher)

Present foll is still thicker of optimal one:
change to Be-foil may help reach ~60% efficiency

Preparing for beam study: all equipment ant & pos-proc
code are ready for next studies

29-Jun study for Vert-plane demonstrated ~twice lower
efficiency for 2SC vs 1SC

Another study for V-plane can be done if “L6A<->L6B”
Study for Hor-plane should be also schedule

Analytical & simulation study to understand low efficiency
of existing 2SC and suggestion of new collimation are
planned to start
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Booster Sector

Charge

N
(3]

BLM data: “initial conditions” zoomed at injection

N
o

-
o

10

o

L L I L L
0.001

L L I L L L L I L 1
0.002 0.003

L L I L L
0.004

L L I L L L L
0.005 0.006
Time in Cycle (s)

1.2

0.8

0.6

0.4

0.2

—

(=]

1 1 I 1 1
0.001

1 1 I 1 1 1 1 I 1 1
0.002 0.003

1 1 I 1 1
0.004

1 1 I 1 1 1 1
0.005 0.006
Time in Cycle (s)

“Initial conditions” = a standard
collimator settings for 1-stage.

The top plot are the instantaneous
losses (diff. between consecutive
readings: R(i) - R(i-1)).

The bottom plot shows the beam
current.

Some Issues:

1. The BLMs data are not timed
relative to one another at about the
300us level (see backup slide).

It appears that there are two
groups (sectors 1-12 and 13-24)

2. Loss information from specific
BLMs looks strange (see top plot).

3. The beam current has a “negative

pedestal”’ (see bottom plot). 26



Losses

BLM post-processing: definitions

Booster Loss profiles (losses vs BLM number)

Inj. Losses = Loss(1) —Loss(0)
Tot. Losses = Loss(2) —Loss(0)

@ @ Example for BLM in L24

2

0.026 |

onz1:
0.022
0.02 :
0.018
0.016 :
0.014 -
0.012 :
0.017
0.008

=S NN 1T T Y N T T T I B

g v s b Lah

vl o
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04

N

Time in Cycle (s)
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Example: BLM In L24

0.026
0.024
0.022

0.02
0.018
0.016

0.014
0.012
0.01

In;

0.008

T

Ext

o

T R A
0.005 0.01

T AR
0.015

TR R
0.025

' B AR B
0.03 0.035 0.04

Time in Cycle (s)

0.0004
0.0002

0

-0.0002
~0.0004
~0.0006 —
~0.0008 —

~0.001 :_—
-0.0012 —

-0.0014

[hBLML24 |

0||

11 I 11 1 |1 I 11
0.005 0.01

11 I 1 1
0.015

002

11 I 11
0.025

11 I 11 1 | I 11 1 |
0.03  0.035 0.04

Time in Cycle (s)

Integrated losses (top) and
Instantaneous losses (bottom).

Red lines: injection & extraction

Issues:

fast drops of integrated losses
Negative values of differential
(instantaneous) losses

Vert. orbit in L24

data: Summ_101_VST24L_sets

mean_step01 |
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\- \—J

5000

10000

15000

turn_no
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Connection Col

[Ref.3 (luly 2015)

LVDT & modes

\p Eﬁh

1 Vert (Up; Top)

Col#3

I t Vert (Up/Top) Col#1
\<°‘ ) O pat 1 R LVDT (Curr Pos)
\/;:a’aeam 1 (+1500mil) L6AV | B:BCOL1V=-448.9
=7 ! | (B:LEAVCP=-419)
: L6AH | B:BCOLLH=-804.7
Hor L |\ (B:L6AHCP=-786) _
(Wall/ L Lot 5m Hor .
Inside) i(—lSOOmﬂ} '1*_‘7 (+1500mil ?};i;lef
T | Outside)
" CIs00minT 77
Vert (Down/Bottom)
Vert (Up, Top) Col#2
Y: {sn L6BH | B:BCOL2H=+638.9
Beam i ““““ 5 __'.(_—_I_S_Obgﬁi_lj_ “i (B:L6BHCP=+796)
(Wall/ 15" T s (Aislel™
Inside) i(-lSOOﬂfﬂ) | (+15004u1) Outside)
| _15" 4#|- 168V  IB:BCOL2V=+598.4
"‘—(_1‘5@5@{5' R b (B:L6BVCP=+518)
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+1.5"
JBeam TiETE00mi T """ """ LVDT (Curr Pos)
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Hor ! - Hor |
(Wall/ 1-15" . ,‘=f 15" (Aasle/
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T
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L7
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Principle scheme of 2-stage collimation system

Usual “1-stage” collimation produces uncontrolled out-scattered protons =>

_ “2-stage” scheme
Bryant, in CERN Acc. School (1992), p.174

e tiiee scattored The primary coIIim_ator Is followed by
" ouvards twq sc_econdary colllma_ltors set _at
dx,d“l Primmary olims optimized phases for intercepting the
scattered particles.

X collimator

BA =
|

~.. Simulations steps (as with STRUCT):

Shaddw of N .
pamary  %*Generate part. distribution on edge of

icles scattered collimator . . .

(©) inwerds () Prim-Collimator (halo-particles)
Partictes i <*Scattering in material of thin P-Coll
escaping dXsdp . . .
system X “*(Non-linear) Tracking scattered parts

'4" g s»Collect lost particles on Sec-Colls and
Lt \ other magnet apertures
."‘Shadows of primary
and secondary collimators

i 11 Main features of a collimation syste halo particles => large amplitudes =>
. ain features oI a collimation sysiem . .
& d Correct treatment non-linear dynamics => ~MADX
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Collimator placements in booster

Horizontal Primary Vertical Primary
Collimator Collunator

j Short 3 j Long 6 Short 6 Long 7

Milorad Popovic, Beam-Docs-3347-v1

Secondary Secondary
Collimator Collimator

Figure 1. Blue boxes represent the main magnets; collimators are represented by brown boxes.

Data_angles_for_vertical_collimator

90

Data_angles_for_horizontal_collimator

90

120 60 120 60

e | B e N\ . Restrictions for design:
e T Not optimal phase advances;
* HSosti=S avaof) ° " \I== i ser) ° Small magnet apertures;
508 LO7 - m——S08 . .
PhONL08 w bV Tsez /< Bending magnets in coll system;
N e Variable beam parameters
240 300

during accelerator cycle
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